The problem of detecting malabsorption, no less than evaluating its severity and determining its aetiology, has demanded the attention of clinicians since the recognition of steatorrhoea by Kuntzman in 1824. Initially, the diagnosis was made by the naked eye and by microscopical study of the stools, techniques which, still valuable, detect only more severe small intestinal dysfunction and fail to indicate the cause of the disease. Subsequent refinements in diagnostic techniques, including definitive radiology of the small intestine (Marshak, Wolf, and Adlersberg, 1954) and more recently biopsy of the small intestine (Shiner, 1959; Crosby and Kugler, 1957) , have added to our knowledge, and additional information has been obtained by the use of specific chemical substances to measure the digestive and absorptive capacity of the small intestine. The validity and reliability of some of the individual laboratory techniques in assessing malabsorption have been critically discussed recently by several authors (Pimparkar, Tulsky, Kalser, and Bockus, 1960; Cox, 1961; George and Hennessy, 1961; Rufin, Bland, Nordyke, and Grossman, 1961) . Using a variety of chemical procedures an intensive study has been made of a control group and of a group of patients with malabsorption of differing origin, and the results are presented in this paper. ' Part of a thesis submitted to the University of London.
CLINICAL MATERIAL
The one hundred and one patients included in this study are summarized in Table I . FAT BALANCES Standard daily diets contained 80 g. of fat. Total faecal lipids were estimated (Harrison, 1957) .
13110DINE-LABELLED TRIOLEIN Fifteen to 30 uc. in 300 ml. milk was administered 30 minutes after a standard breakfast containing 35 g. fat. Blood levels and faecal excretion were estimated in a scintillation counter and 'ring of six' counter (Veall and Vetter, 1952) respectively, and compared with sodium 13"iodide standards.
SERUM CAROTENE AND VITAMIN A TOLERANCE TESTS Vitamin A palmitate, 350,000 units, in 5 ml. arachis oil was given 30 minutes after breakfast. Vitamin A and carotene were estimated according to Kimble's method as described by Yudkin (1941) .
WATER LOAD TEST Water loads ranging from 0.5 to 2.5 1. were administered to fasting patients and after food, and urine was collected for five hours subsequently. (Table  III) . Thus, an overall 23 % of 78 patients showed dis- cordant results. Using an arbitrary maximum normal faecal loss of 5 %, as suggested by Ruffin, Shingleton, Baylin, Hymans, Isley, Sanders, and Sohmer (1956) and by Cox (1961) , only one patient, who had chronic pancreatitis but no steatorrhoea, gave a false positive result with abnormal faecal radioactivity, while 54 % of the 43 patients with steatorrhoea showed normal faecal radioactivity. These false negative results were distributed through all the groups (Table IV) . The mean normal value for peak blood radioactivity was 3.7% of intake per litre (S.D. + 1 0%) and the mean normal peak total blood radioactivity group.bmj.com on June 24, 2017 -Published by http://gut.bmj.com/ Downloaded from blood values of more than 1.7 %, three patients (4 %) with normal faecal radioactivity showed abnormally low blood peaks and two patients (3 %) had normal blood peaks with abnormal faecal losses. Blood and faecal results, therefore, corresponded in 93 % of the patients. When combined faecal excretion and blood peak values were compared with fat balance results, both faecal and blood levels were normal in 37 % of the 36 patients with steatorrhoea and one or other was normal in a further 11 %. All except one patient without steatorrhoea showed normal values (Table V) .
VITAMIN A TOLERANCE TEST The lower limit of normal was taken as 80 i.u./100 ml. serum. Following an oral load, the mean normal rise was 1,770 i.u/100 ml. (S.D. ± 595 i.u.). A normal response to a vitamin A load was assumed to be greater than 580 i.u.
Fasting levels of vitamin A bore no relationship to fat balance results. Thus, three well-nourished In a quarter of the 87 patients examined, the rise in vitamin A levels did not correspond with the status of fat absorption (Table VI) . Thirteen (29 %) of the patients with normal fat balances gave abnormal vitamin A results, while eight (19%) of the patients with steatorrhoea showed a normal vitamin A peak. Patients with anaemia or endocrine disorders often showed abnormal vitamin A peaks despite normal fat absorption, while normal results in patients with steatorrhoea were found, especially after gastrectomy and in Crohn's disease. These patients did not differ clinically from patients with markedly abnormal vitamin A peak values.
No relationship was demonstrable between the fasting levels of vitamin A and subsequent tolerance test results.
Comparing peak blood radioactivity with vitamin A peaks in patients with normal fat balances showed abnormal results for both in one patient and abnormal results for one ofthese tests in a further 10 (32 %), nine of whom had an abnormal response to a vitamin A load. Four patients (13%) with steatorrhoea had normal results for both tests while a further 10 patients (31 %) showed abnormal results for one test only, of whom nine had normal blood levels of radioactivity (Table VI) .
SERUM CAROTENE The mean normal value for (63) serum carotene was 88 ,ug. (S.D. ± 15 ,ug.). A serum 6 carotene level of less than 58 ,ug. was considered 16% abnormal. One-third of the 87 patients failed to show a reciprocal relationship between serum carotene and fat excretion. Thirty-six per cent of 45 patients with normal fat balances had abnormally low fasting carotene levels and 26% of 42 patients ng levels, as with steatorrhoea had normal fasting levels (Table t over half VII). Carotene levels bore no relationship to fasting iad normal vitamin A levels, nor to the results of vitamin A lity of the tolerance tests (Table VIII) . normal fat excretion gave doubly abnormal results, while both results were normal in six (14%) of the patients with secondary steatorrhoea (Table VIII) .
WATER LOAD EXCRETION Excretion of more than 80% of a water load in five hours was considered normal.
Reproducibility of the diuretic response was totally unsatisfactory (Fig. 1) . Furthermore, ability to excrete a water load bore no obvious relationship to the presence or degree of steatorrhoea (Table IX) . Eighty-five per cent (45) of the patients with a normal faecal fat content showed impaired water load excretion on at least one occasion and 23 (43 %) of these gave consistently abnormal results. Five (12 %) of the patients with steatorrhoea had repeatedly a normal diuresis and a further 14 (33 %) excreted a water load normally on at least one occasion. Varying the water loads from 500 to 2,500 ml. did not change these results.
D-XYLOSE TOLERANCE TESTS Xylose excretion was fairly constant for each individual and did not change with alterations in fluid intake ranging from 500 to 2,500 ml. (Fig. 2) 95 + 4% 8-7 ± 0.7 5-5-13-6 Less than 10% 4-1 ± 0.5 1-8-6-7 3.9 ± 1-6 Less than 7 2-9 + 0.9
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Less than 5 4 ± 0 5 % Less than 4 Less than 2 Less than 1.9 (0-6 ± 0.4) 2-7 ± 1-2 (0-7 ± 6-1) 2-1 ± 1-0 (1-0 ± 51) Less than 6, normal 1-7-4 controls 0-6-6 21 ± 05 (14-35) Less than 3 0-88 ± 0-64 2-84 i 07 3 + 194 (1-9) 39 + 2 Less than 5 Less than 3 Less than 6 Less than 4 Less than 5 (04-3.3) 3-7 ± 10 (1 9-50) villous atrophy (not included in this series) have after gastrectomy and with ulcerative colitis, depends been found to have normal fat balances. This study on the assumed maximal normal faecal content of confirms the impression that chemical estimation of radioactivity. In this study the use of an upper limit faecal fat often shows steatorrhoea while faecal of normal faecal loss of 5 % of intake produces excretion of radioactivity remains normal (Pim-excellent inverse correlation with blood levels, but parkar et Rufin et al., 1961; Cox, 1961 McKenna, Bourne, and Matzko (1957) , Beres, Wenger, and Kirsner (1957) , Grossman and Jordan (1958) , Mohamed and Hume (1959 ), Pimparkar et al. (1960 ), and Rufin et al. (1961 was also noted in this study, and attributed to the mechanisms already held to be responsible for the falsely low faecal radioactivity in these patients. Legerton, Texter, and Ruffin (1953) found flat vitamin A curves in steatorrhoea, Culver (1957) and Hillman and Becker (1957) noted abnormal results in normal persons, similar to those found in patients with anaemia or endocrinopathies in this study. Abnormal xylose excretion had been noted in patients older than 65 years (Fowler and Cooke, 1960) and in patients with pernicious anaemia (Helmer and Fouts, 1937; Bezman, Kinnear, and Zamcheck, 1959) (Benson, Culver, Ragland, Jones, Drummey, and Bougas, 1957; Christiansen, Kirsner, and Ablaza, 1959; Fowler and Cooke, 1960) did Fierst, Feldman, Solomon, and Langsam (1958) and Fitzgerald, Fennelly, and Hingerty (1962) . These reports are not confirmed by the present study, because too many patients with normal fat excretion and normal blood radioactivity show abnormal results after vitamin A loads, while a significant proportion of patients with steatorrhoea and flat vitamin A curves produce normal levels of blood radioactivity. A similar tendency to abnormal xylose excretion in patients with normal blood levels of radioactivity vitiates correlation between the results of these two tests. Although both vitamin A and xylose tolerance tests tend to give false values in similar types of patients, onlyabouttwo-thirds giveconcordant results.
The occurrence of 'inappropriate' levels of serum carotene is noted by Adlersberg, Wang, and Bossak (1957) and Wenger (1957) , and is emphasized here by the high proportion of patients with and without steatorrhoea who show normal and abnormal levels respectively.
The results reported here show that, while neither vitamin A absorption, xylose excretion, nor fasting carotene levels can be used as screening procedures for the detection of malabsorption states, these tests are often useful in differentiating malabsorption due to small intestinal dysfunction of the type found in idiopathic steatorrhoea from that due to anomalies of digestion or focal pathology of the small intestine.
All the patients with idiopathic steatorrhoea gave abnormal results with vitamin A and xylose and had 14-2-3
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